Background: Single-nucleotide polymorphisms (SNPs) in lncRNAs could be biomarkers for susceptibility to colorectal cancer (CRC), but the association of PCAT1 polymorphisms and CRC susceptibility is yet to be studied. Methods: Five tagSNPs covering the PCAT1 gene were detected through Kompetitive Allele-Specific PCR among 436 CRC patients and 510 controls. An expression quantitative trait locus (eQTL) bioinformatic analysis was then performed. Results: In the present study, PCAT1 rs2632159 polymorphism increased CRC risk by 1.37-fold and 2.19-fold in the dominant and recessive models, respectively (P=0.040 and 0.041). When the CRC cases were divided into colon cancer and rectal cancer, we found that this polymorphism affected colon cancer risk under the dominant model (P=0.022, OR = 1.51) and affected rectal cancer susceptibility under the recessive model (P=0.009, OR = 3.03). A more pronounced effect was observed in the male subgroup in that PCAT1 rs2632159 SNP increased rectal cancer risk by 3.97-fold (P=0.017). When PCAT1 rs2632159 was present, epistatic effects were observed with rs1902432 and rs785005 (P=0.011 and 0.008, respectively). eQTL analysis showed that rs2632159 could influence binding with the transcription factors EBF, LUN-1, and TCF12. Conclusion: PCAT1 rs2632159 SNP could be a biomarker for CRC risk. And the rs1902432 SNP might only have potential to be a biomarker for colon cancer risk.
Introduction
lncRNAs are noncoding RNAs longer than 200 bp without apparent protein-coding potential; they can function as oncogenes or suppressor genes in the process of carcinogenesis [1] . At lncRNA loci, genetic variation can occur, which contributes to a change of lncRNA function. Single-nucleotide polymorphisms (SNPs) are the most common pattern of genetic variation. As reported previously, SNPs have the potential to act as biomarkers for cancer susceptibility [2, 3] . Some lncRNA polymorphisms were considered to be predictive of cancer risk, to be useful for early diagnosis, and to aid in the management of personalized therapy [2, 4] .
The expression patterns of prostate cancer-associated transcripts (PCATs) distinguish benign localized cancer and metastatic cancer samples. In 2012, Prensner et al. [5] reported the discovery of a novel prostate cancer lncRNA, PCAT-1, which alternately demonstrates either repression by PRC2 or an active role in promoting cell proliferation through transcriptional regulation of target genes. Subsequently, Ge et al. [6] identified the up-regulation of PCAT1 expression in colorectal cancer (CRC) tissues, indicating that PCAT1 functions as an oncogene in CRC. Concerning PCAT1 SNPs, only one investigation has reported their association with cancer susceptibility, which found that PCAT1 rs1902432 tagSNP was associated with prostate cancer risk [7] . However, no comprehensive analysis of the association of all tagSNPs of PCAT1 with cancer susceptibility has yet been performed, including for CRC.
Polymorphisms selected and SNP Genotyping
The polymorphisms selected method was based on our previously published study [9] . The linkage disequilibrium (LD) of PCAT1 gene was shown in Supplementary Figure 1 . Then five SNPs covered PCAT1 gene (rs1902432, rs4573233, rs710885, rs785005, rs2632159) were selected [8, [10] [11] [12] , other SNPs captured by the selected ones were shown in Supplementary Table S1. Genomic DNA was purified from the blood as described previously [13] , with some modifications, and was diluted to working concentrations of 50 ng/l for the PCAT1 polymorphism genotyping. Polymorphisms-genotyping assay was performed using Kompetitive Allele-Specific PCR (KASP, LGC Genomics, Hoddesdon, U.K.) by Gene Company (Shanghai, China) [14, 15] and 10% of the total samples were repeatedly genotyped at the same time for quality control (the concordance rate all reached 100%).
eQTLs
To perform the promising functional polymorphism of PCAT1 gene and expression quantitative trait locus (eQTL) analysis, we used the bioinformatical online software Haploreg (http://www.broadinstitute.org/mammals/haploreg/ haploreg.php) [16] to mine the data.
Statistical analysis
In the present study, all analyses were conducted on the CRC risk, colon cancer risk, and rectal cancer risk. The association between lncRNA-PCAT1 gene polymorphisms and CRC risk was determined using multivariate logistic regression adjusted for age and gender. The lncRNA haplotype was analyzed using the online software SHEsis [17] . The epistatic effects of pairwise interacting factors for the polymorphism of the PCAT1 gene (rs2632159) with the strongest potential effect and other SNPs on the risk of CRC were analyzed by multivariate logistic regression adjusted for age and gender. The association between the genotype of PCAT1 SNPs and clinicopathological parameters was calculated using χ 2 two-sided test.
Results
The association of lncRNA-PCAT1 SNPs with CRC susceptibility
In the present study, the PCAT1 rs2632159 polymorphism was found to increase CRC risk by 1.37-fold and 2.19-fold in the dominant and recessive models, respectively (P=0.040 and 0.041). When the CRC cases were divided into colon cancer and rectal cancer, we found that PCAT1 rs2632159 was associated with colon cancer risk under the dominant model (P=0.022, OR = 1.51) and with rectal cancer susceptibility under the recessive model (P=0.009, OR = 3.03). In addition, PCAT1 rs1902432 polymorphism decreased colon cancer risk to 0.59-fold (P=0.030, Table  1 ).
Subgroup analysis
In the male subgroup, PCAT1 rs2632159 SNP also increased rectal cancer risk by 3.97-fold in the male subgroup (P=0.017, Table 2 ), while PCAT1 rs710885 polymorphism increased CRC risk by 2.09-fold and colon cancer risk by 2.60-fold (P = 0.033, P = 0.013, Table 2 ).
Haplotype analysis
In the haplotype analysis, no haplotype of the PCAT1 gene had any association with CRC risk (haplotype for rs1902432-rs4573233-rs710885-rs785005-rs2632159 SNPs, P>0.05). However, when cases were divided into colon cancer and rectal cancer, the PCAT1 gene C-G-T-G-T haplotype decreased colon cancer risk to 0.75-fold (P=0.019, Table 3 ).
Epistatic effect analysis
To mine the associations of the SNPs with positive results, rs2632159, and other SNPs with the risk of CRC, the epistatic effects of rs2632159 interacting with four other SNPs were calculated. When there is rs2632159 polymorphism, the rs1902432 TT+TC variant genotype was shown to increase rectal cancer risk 2.93-fold (P=0.011, 95% CI = 1.28-6.70), and the rs785005 GG variant genotype increased colon cancer risk 2.01-fold (P=0.008, 95% CI = 1.21-3.28, Table 4 ).
Association of SNPs and clinical pathological parameters
We mined the distribution frequencies of five SNPs in association with different clinical pathological parameters and found in all CRC patients that the frequency of genotypes with the rs785005 SNP variant was higher in the cases with high/moderate-differentiation adenocarcinoma (variant genotype vs heterozygote/wild-type genotype: 97.5% vs 83.0%/81.5%, Table 5 ). Meanwhile, in colon cancer patients, the frequency of rs4573233 SNP variant genotype was higher in poor-differentiation adenocarcinoma (variant genotype vs heterozygote/wild-type genotype: 62.5% vs 83.3%/86.2%, Table 5 ). Moreover, the frequency of the rs2632159 SNP variant genotype was higher in the never smokers (variant genotype vs heterozygote/wild-type genotype: 100.0% vs 61.0%/64.1%, Table 5 ).
eQTL analysis
In the HaploReg database, the promising SNP rs2632159 was found to potentially change the site of binding with EBF, LUN-1, and TCF12, which are transcription factors [18] (Figure 1 ). Terms in bold represent significant results (P<0.05). P HWE = P value for Hardy-Weinberg Equilibrium.Abbreviations: CRC, colorectal cancer; NA, not available. * , the sort order was according to the SNP location in its genes from 5' starting to 3' ends. † , P value was calculated by adjusted age and gender. The bold terms means the significant results (P<0.05). Using SHEsis software to analysis (http://analysis.bio-x.cn/). The haplotype for rs1902432 -rs4573233 -rs710885 -rs785005 -rs2632159 SNPs. CRC: colorectal cancer.
Discussion
To date, no study has reported on the association of PCAT1 polymorphisms and CRC risk. We thus screened all tagSNPs for the PCAT1 gene and investigated whether these SNPs could be biomarkers for CRC risk. We reported for the first time that PCAT1 rs2632159 polymorphism could increase the risk of CRC. We then performed an eQTL analysis and found that rs2632159 polymorphism could alter the site of binding with three different transcription factors, which may explain why rs2632159 polymorphism increased CRC risk. Our study should be helpful in the search for promising biomarkers for the prediction of CRC at an early stage. These five tagSNPs represented all of the SNPs covering the PCAT1 gene. In terms of the locations, rs1902432 and rs4573233 polymorphisms are intronic and in the region 2 kb upstream of the gene, respectively; rs710885 and rs785005 are intronic; and rs2632159 is 145 bp downstream of the gene. Thus far, no study has reported the association of PCAT1 polymorphisms and CRC risk. Only the PCAT1 rs1902432 SNP was reported to be significantly associated with other cancer, namely, increasing the risk of prostate cancer [7] . In our study, we found that the rs1902432 SNP was associated with colon cancer risk, but not with disease risk in all CRC patients. Thus, rs1902432 SNP may only have potential to be a biomarker for colon cancer risk. The major finding in the present study was that the PCAT1 rs2632159 SNP increased CRC susceptibility, and functioned as a risk factor for colon cancer under the dominant model and for rectal cancer under the recessive model. This SNP was thus reported to be related to disease risk for the first time. The explanation for this phenomenon should be considered from two aspects: first, the etiology of colon cancer and rectal cancer is different. The etiology of colon cancer is often related to genetic factors. Its precancerous disease may be familial polyposis, and its patients often have microsatellite instability, for example, MLH1, MSH2, MSH6 and PMS2 deficiency. While the etiology of rectal cancer is often related to the unhealthy dietary habit, and patients often have poor defecation habits, resulting in a large number of toxins accumulated in the rectum, resulting in repeated irritation of rectal mucosa by inflammation, thus resulting the occurrence of colon cancer. Second, the basis of genetics varies from the dominant model and recessive model. The dominant model is a single variation for the allele of one polymorphism, while the recessive model needs to achieve double variation for two alleles of one polymorphism. This is similar to the 'two-hit hypothesis' [19] in genetics.
PCAT1 rs2632159 SNP was also found to have a more pronounced effect in the male subgroup. This SNP was also shown to have epistatic effects with other polymorphisms. Epistasis is a phenomenon in which the effects of complex interactions are more important than the independent main effects of any one susceptibility gene [20] [21] [22] . When rs2632159 polymorphism is present, the rs1902432 TT+TC variant genotype was shown to increase the risk of rectal cancer, and the rs785005 GG variant genotype increased the risk of colon cancer; this suggests the potential for pairwise effects of SNP-SNP interaction in the PCAT1 gene. Finally, eQTL analysis using an online bioinformatic tool was performed for this promising rs2632159 polymorphism, and EBF, LUN-1, and TCF12 were found to probably combine with the rs2632159 T>C variant. Then, this rs2632159 T>C variant would cause a gain or loss function for these transcription factors. PCAT1 is a lncRNA that functions as an oncogene [23] [24] [25] [26] [27] [28] . We thus speculate that these three transcription factors could stimulate PCAT1 transcription and increase the level of oncogene functional PCAT1 expression, causing individuals carrying the variant genotype to express more oncogenic PCAT1 and therefore increase the risk of CRC. Gene research may be related to race and this will limit some application of the SNP for the different ethnicity. For example, our research found that PCAT1 rs2632159 SNP was shown to increase CRC susceptibility in a Chinese population, and the rs1902432 SNP might only have potential to be a biomarker for colon cancer risk in the Chinese population. While the PCAT1 rs1902432 SNP was also reported to be significantly associated with the risk of prostate cancer in Chinese population [7] . In Figure 2 , we listed the Hapmap data for the PCAT1 rs2632159 and rs1902432 SNPs, which showed rs2632159 varied from Europeans to Asians to Africans (the T allele percentage, 30% in Europeans, 80% in Asians, 10% in Africans), so was the rs1902432 SNP. Thus, the application of PCAT1 rs2632159 and rs1902432 SNPs for cancer risk might be considered from race to race.
It was reported that the combined haplotype analyses for multiple SNPs are more sensitive and powerful than single-locus SNP analysis alone [29] . The single-locus SNP rs4573233, rs710885 and rs785005 SNPs alone had no significant association with colon risk, but when these three SNPs composed a combination with others (rs1902432 and rs2632159), we found that the PCAT1 C G T G T haplotype of rs1902432 -rs4573233 -rs710885 -rs785005 -rs2632159 SNPs significantly decreased the colon risk (OR = 0.75), indicating that the haplotype might be more sensitive than these three single SNP its own, and could also have potential for the prediction of colon cancer risk.
There are some limitations in the present study. First, the sample size could be increased to obtain more reliable results, but the total sample size of nearly 1000 is reasonable. Second, the prognostic data could have been studied to achieve a more comprehensive analysis, but the survival rate of CRC was high, which limited the predictive role of the SNP for CRC prognosis. Third, whether the PCAT1 rs2632159 associated with other gastrointestinal cancers were not studied in this research, which would determine the application and specificity of the PCAT1 polymorphisms.
In summary, in the present study, the PCAT1 rs2632159 SNP was shown to increase CRC susceptibility, and it was shown to increase the risk of colon cancer under the dominant model and of rectal cancer under the recessive model. In the subgroup analysis, the PCAT1 rs2632159 SNP also increased the risk of rectal cancer in males. And the rs1902432 SNP might only have potential to be a biomarker for colon cancer risk. These findings should help in the search for biomarkers predictive of CRC susceptibility and provide more clues to obtain a deeper understanding of the etiology of colorectal carcinogenesis.
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